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ABSTRACT 

An e x t e r n a l l y  mounted system of p r e s s u r e  gages 
t ha t  i s  capable  of l o c a t i n g  s p a c e c r a f t  leaks of  0 . 1  s l u g  pe r  
day has been devised .  These p re s su re  gages are r equ i r ed  t o  

mm Hg, a f i g u r e  have a t k r e s h o l d  d e t e c t i o n  p res su re  of 1 0  
that  i s  w e l l  w i th in  t h e  r ange  of s t anda rd  i o n i z a t i o n  gages. 
One p r e s s u r e  gage, l o c a t e d  30 feet  above t h e  v e h i c l e  s u r f a c e  
and sepa ra t ed  40 feet  f r o m  i t s  n e a r e s t  neighbor ,  is necessary 
f o r  monitoring 3 0 0  square  f e e t  of vehicle s u r f a c e .  These 
f i g u r e s  s t r i c t l y  apply t o  a manned i n t e r p l a n e t a r y  v e h i c l e ,  
where the e x t e r n a l  ambient p re s su re  i s  e f f e c t i v e l y  zero.  For 
an ear th  o r b i t a l  v e h i c l e  w i t h  non-negl igible  e x t e r n a l  ambient 
p r e s s u r e ,  t h e  system i s  only reasonable  fo r  v e h i c l e  wake 
r eg ion  ope ra t ions .  I n  t h e  veh ic l e  forebody r eg ion ,  f ac ing  
t h e  flow of background molecules,  an i n o r d i n a t e  number of 
gages are r equ i r ed  t o  achieve acceptab le  s i g n a l / n o i s e  r a t i o s .  
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In t roduc t ion  

I n  a long du ra t ion  manned m i s s i o n ,  leakage of gas  
from the s p a c e c r a f t  may become a major expendables problem. 
The need arises f o r  a simple system which can detect  t h e  
l o c a t i o n  of l eaks ,  so t h a t  they  may be r a p i d l y  r epa i r ed .  
One such system w i l l  now be descr ibed .  

F igure  1 shows a schematic of  t h e  d e t e c t i o n  system. 
Low-pressure i o n  gages,  whose ou tpu t  s i g n a l s  a r e  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  magnitude of impinging molecular  f l u x ,  
are mounted i n  a symmetrical p a t t e r n  a t  a uniform d i s t a n c e  
f r o m  t h e  s p a c e c r a f t  o u t e r  skin.* When a leak  occur s ,  gages 
i n  i t s  v i c i n i t y  respond with a s i g n a l  emis s ion .  I t  i s  p o s s i b l e ,  
by t ak ing  r a t i o s  of t h e s e  s i g n a l s ,  t o  " t r i a n g u l a t e "  and p i n p o i n t  
the l e a k  l o c a t i o n .  I n  p r a c t i c e ,  t h e  magnitude o f  t h e  s i g n a l s  
w i l l  be f ed  i n t o  an onboard computer, and t h e  coord ina te s  of  
the l e a k  w i l l  be obta ined .  

Now,  t h e  determining equat ions  w i l l  be der ived .  
Following t h i s ,  t h e  number of  gages necessary t o  monitor a 
s e l e c t e d  a r e a  of v e h i c l e  surface w i l l  be computed, as w e l l  
as t h e  proper  gage-vehicle s u r f a c e  s e p a r a t i o n  d i s t a n c e .  For 
purposes of s i m p l i c i t y ,  a f l a t  s u r f a c e  w i l l  be t h e  represen-  
t a t i v e  geometry. Applicat ion of  t h e  technique t o  a p a r t i c u l a r  
curved s u r f a c e  i s  s t r a igh t fo rward .  

Analysis  

F i g u r e  2 shcws a section cf t h e  f l a t  surface With 
a t r i a d  of gages. The leak  i s  assumed t o  be l o c a t e d  i n  t h e  
t r i a n g l e  whose v e r t i c e s  a r e  t h e  gage p r o j e c t i o n s  on t h e  
s u r f a c e .  Flow from the hole  i s  assumed t o  be e f f u s i v e ;  
i.s., it obeys a L a m b e r t  cos ine  l a w  i n t e n s i t y  d i s t r i b u t i o n .  

Figure 3 shows the  leak-gage geometry: 

*A t y p i c a l  ion  gage, t h e  i n v e r t e d  Bayard-Alpert gage, i s  
desc r ibed  i n  S a n t e l e r ,  D .  J . ,  "Vacuum Technology and Space 
S imula t ion ,"  NASA SP-105,  1966  
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R1 i s  the d i s t a n c e  from t h e  l eak  t o  gage 1 

R2 i s  t h e  d i s t a n c e  from t h e  l eak  t o  gage 2 

R3 i s  t h e  d i s t a n c e  from t h e  l e a k  t o  gage 3 

$1 i s  t h e  angle  between R 1  and t h e  s u r f a c e  normal 

4 2  i s  t h e  ang le  between R2 and t h e  s u r f a c e  normal 

43 is  t h e  angle  between R3 and t h e  s u r f a c e  normal 

02 i s  the angle  between R 1  s i n  4 1  and R2 s i n  $2 

03 i s  the  angle  between R 1  s i n  $1 and R3 s i n  43 

L i s  t h e  gage spacing 

H is  the  d i s t a n c e  from t h e  gage t o  t h e  s u r f a c e  
along a surface normal 

The fo l lowing  s i x  geometr ical  r e l a t i o n s  hold: 

R3 COS 43 = H 

(R2s in+2l2  + CR3sin4312 - (2R2R3sin~2sin43) cos (03-02) = ~2 

(R1sin41)2 + (R3s in+3)2  - (2RlR3sin4lsin43) cos ( 2 ~ - 0 3 )  = L2 

r a t i o  of molecular f l u x e s  a t  t h e  gage, i s  given by: 
The r a t i o  of gage s i g n a l s ,  ob ta ined  by t a k i n g  the 
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SG1 i s  t h e  ou tpu t  s i g n a l  of gage 1, 

SG2 i s  t h e  ou tpu t  s i g n a l  of gage 2 ,  

SG3 i s  t h e  ou tpu t  s i g n a l  of gage 3. 

The above e i g h t  equat ions  are so lved  s imultaneously 
t o  y i e l d  R1, R 2 ,  R 3 4 ,  $*, 4 3 f  e2 and 0 3 -  

Now t h e  approximate gage spac ing  w i l l  be obtained.  
Consider F igure  4 .  H e r e ,  t h e  l e a k  i s  assumed t o  be loca ted  
d i r e c t l y  under one of the gages, say  gage 1. One c o n s t r a i n t  
i s  t h a t  i n  t h i s  conf igu ra t ion ,  t h e  leakage should be d e t e c t a b l e  
by gages 2 and 3. Thus, t h e  molecular f l u x  impinging on qaqes 
2 and 3 w i l l  be a r b i t r a r i l y  prescr ibed  as a t  l eas t  two 
orders of magnitude above the  th re sho ld  f l u x  of gages 2 and 3. 
A second c o n s t r a i n t  i s  t h a t  t he  gage spac ing  should be as l a r g e  
as Dossible, i n  o r d e r  t o  minimize t h e  number of gages. 
c o n s t r a i n t s  a r e  coupled i n  t h e  fol lowing manner: The f l u x  measured 
by an omnidi rec t iona l  (fa- a t  p o i n t  R, $I is, f o r  e f f u s i v e  flow 

These two 

where 

F i s  t h e  molecular f l u x  a t  R ,  $, 

M is  the m a s s  flow from the leak, 

R is  t h e  d i s t a n c e  between gage 2 and the l e a k ,  

(p is  the angle  between E and t h e  s u r f a c e  normal. 

The equat ion  of t h e  c o n s t a n t  measured f l u x  l i n e  (F=const.)  
becomes : 

R = Ro f l T $  

where Ro i s  the value of R when $30. 

The d i s t a n c e  between the cons tan t  f l u x  l i n e  and t h e  
l e a k  i n  a d i r e c t i o n  p a r a l l e l  t o  t h e  s u r f a c e  i s  R s i n  4,  or  

s i n  +J-. 
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This  d i s t a n c e  i s  g r e a t e s t  when: 

The fol lowing values  are assumed: 

M = .1 slug/day ~ 4 0  gms/day 

F = 2 4 - 1 0  -12 gms/cm2-sec (mass f l u x  a t  P = 1 0 - ~ ~  Hg) 

This  r e s u l t s  i n :  
3 Ro = 1 . 7 3 - 1 0  

3 H = 1 0  c m  

L = Jz.103 

Thus, t h e  gage spacing i s  %40 f t .  and t h e  gage-surface 
d i s t a n c e  is  ~ 3 0  f t .  From t h e  geometry, f o r  many gages,  1 gage i s  
necessary t o  monitor an area equal  t o  t h a t  of a gage-bounded 
t r i a n g l e ,  o r ,  i n  t h i s  case, an area of approximately 300 f t 2 .  

A p p l i c a b i l i t y  

Such a system i s  s t r i c t l y  a p p l i c a b l e  only t o  i n t e r p l a n e -  
t a r y  s p a c e c r a f t .  For an e a r t h - o r b i t i n g  v e h i c l e ,  t h e  assumption of 
n e g l i g i b l e  background molecular f l u x  i s  g e n e r a l l y  no t  v a l i d .  A 
gage loca ted  i n  t h e  spacec ra f t  forebody reg ion  would experience a 
l a r g e  molecular f l u x ,  while  one loca ted  i n  t h e  wake and thereby  
s h i e l d e d  from t h e  oncoming molecular stream would experience a 
n e g l i g i b l e  background molecular f l u x .  A t  700 Km a l t i t u d e ,  where 
t h e  ambient p re s su re  i s  about 10 mm Hg, t h e  maximum dynamic 
p res su re  which a gage i n  t h e  forebody reg ion  would see i s  about 
1 0 - 7 m  Hg. 
number of gages r equ i r ed  i n  t h i s  reg ion  ( f a c i n g  t h e  flow) i s  t h r e e  
o r d e r s  of magnitude g r e a t e r  than t h a t  r equ i r ed  i n  t h e  wake reg ion  
or i n  i n t e r p l a n e t a r y  f l i g h t .  Thus, t h e  above descr ibed  system is  
reasonable  only f o r  wake region opera t ion .  
of  ope ra t ion  i n  t h e  forebody region has n o t  been i n v e s t i g a t e d .  

- 9  

T o  r e t a i n  a s igna l /noise  r a t i o  of one hundred, t h e  

A modified system capable  
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Attachments 
F igures  1-4 
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